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Description
TECHNICAL FIELD

[0001] The present invention relates to plasma reac-
tors. In particular, the present invention relates to plasma
reactors for the processing of materials in the gaseous
phase by means of plasma discharges.

BACKGROUND ART

[0002] Plasma discharges occur in gaseous media
when the localised electric field in the neighbourhood
of abody exceeds the electrical breakdown voltage of the
gaseous medium. Plasma reactors typically consist of a
chamber having an inlet and an outlet for a gaseous
medium, an axial inner electrode and a cylindrical outer
electrode surrounding the inner electrode. The electrical
discharge within such reactors consists of streamers
extending from the inner electrode towards the outer
electrode.

[0003] By breaking down the gaseous medium within
the reactor, new gaseous species may be generated.
These new gaseous species may be useful in their own
right (such as the generation of ozone from oxygen or air)
ormay be used to convert harmful gases into less harmful
species (such as the generation of carbon monoxide and
hydrogen from greenhouse gases such as carbon diox-
ide and methane).

[0004] In some situations, acid may be produced as a
product of the reaction within the reactor. In conventional
plasma reactors, acid can damage seals, leading to a
reduction in efficiency in the reactor as well as a shor-
tened operational lifespan.

[0005] Thus, there would be an advantage if it were
possible to provide a plasma reactor (or parts thereof)
that could reduce or eliminate the effects of acid produc-
tion on the efficiency of operation and operational life-
span of the reactor.

[0006] WO 2016/000038 A1 discloses a corona dis-
charge apparatus that makes use of three sealing mem-
bers positioned adjacent one another to form a seal
between the inner electrode and the dielectric sleeve.
Since sealing members such as O-rings are not neces-
sarily formed so as to be perfectly round, elliptical, oval
and so on, providing three sealing members together will
ensure that an adequate annular seal is formed because
the differences in thickness and shape of the O-rings may
be compensated for.

CA 2 075 789 A1 describes a reactor cell for an ozone
generator with an outer electrode and an inner electrode
concentrically positioned inside the outer electrode.
WO 02/15350 A2 describes a corona discharge cells for
the production of ozone with inner electrodes fabricated
from metal bar, a dielectric sleeve and outer electrodes.
Spacers and/or sealing rings isolate a corona discharge
producing region from ambient conditions.
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SUMMARY OF INVENTION

[0007] Thepresentinventionisdirectedtoan electrode
for a plasma reactor which may at least partially over-
come at least one of the abovementioned disadvantages
or provide the consumer with a useful or commercial
choice.

[0008] In a first aspect, the present invention resides
broadly in an electrode for a plasma reactor, the electrode
comprising an elongate body having an inlet end and an
opposed outlet end, a reaction region extending along a
portion of the elongate body, a first sealing region located
between the reaction region and the inlet end of the
elongate body and a second sealing region located be-
tween the reaction region and the outlet end of the
elongate body, wherein the first sealing region and the
second sealing region each comprise a plurality of re-
ceiving portions adapted to receive a sealing member
therein, and wherein a barrier member adapted to reduce
or eliminate the flow of fluid between the receiving por-
tionsis provided between each of the plurality of receiving
portions.

[0009] Preferably, the electrode comprises an inner
electrode of a plasma reactor.

[0010] The elongate body may be of any suitable size,
shape or configuration, and it will be understood that the
dimensions of the elongate body may be scaled up or
down depending on the duty to which the electrode is to
be put. In a preferred embodiment of the invention, the
elongate body may have a substantially circular cross-
section along substantially its entire length. Thus, in this
embodiment of the invention, the electrode may com-
prise a bar or rod. The inner electrode may be fabricated
from any suitable material, although in a preferred em-
bodiment of the invention the inner electrode may be
fabricated from metal, such as, but not limited to, alumi-
nium, iron, mild steel, stainless steel, copper, silver, gold,
aluminium, platinum, titanium or any suitable metal alloy.
[0011] In a preferred embodiment, the electrode may
comprise at least one bore extending along at least a
portion of the length of the elongate body. Preferably the
at least one bore extends from the inlet end of the
electrode along at least a portion of the length of the
electrode. The bore may extend to the outlet end of the
electrode, or may terminate at a point between the inlet
end and the outlet end of the electrode.

[0012] Alternatively, the electrode may include two
bores. In this embodiment of the invention, a first bore
(orinlet bore) may extend into the body from the inlet end
thereof. A second bore (or outlet bore) may extend into
the body from the outlet end thereof. Preferably, the
combined length of the first bore and the second bore
is less than the length of the elongate body. In this way,
the first bore and the second bore do not meet. Thus, in
this embodiment, the innermost ends of the bores may be
separated from one another by a portion of the length of
the elongate body.

[0013] Thereactionregion may be of any suitable size,
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shape or configuration, and it will be understood that the
length of the reaction region may vary depending on the
duty to which the electrode is to be put. Preferably, the
reaction region comprises a portion of an outer surface of
the elongate body.

[0014] The outer surface of the elongate body within
the reaction region may be adapted to enhance the
reaction that is to take place in the reaction region. In
some embodiments of the invention, the surface of the
elongate body in the reaction region may be substantially
smooth. Alternatively, the surface of the elongate body in
the reaction region may be textured in a manner to
enhance the reaction to take place in the reaction region.
For instance, the surface of the elongate body in the
reaction region may be provided with one or more
grooves, channels or the like. In other embodiments of
the invention, the surface may be treated to provide a
plurality of regions of elevated height. The regions of
elevated height may be of any suitable form. For in-
stance, the regions of elevated height may comprise a
plurality of relatively large regions of elevated height.
These relatively large regions may have a substantially
planar surface or may have an uneven surface. More
preferably, however, the regions of elevated height may
comprise a plurality of peaks. In this embodiment, the
plurality of peaks may be separated from one another by
a plurality of troughs. In some embodiments of the in-
vention, a combination of relatively large regions of ele-
vated height and peaks may be provided. In a most
preferred embodiment of the invention, the regions of
elevated height comprise a plurality of relatively sharp
peaks having a tip at the apex of the peak. The surface
may be treated in any suitable way, such as by chemical
treatment (acid treatment or the like) or through a me-
chanical process to remove material from the surface of
the elongate body (such as sand-blasting, cutting, knur-
ling or the like).

[0015] In some embodiments of the invention, at least
the surface of the elongate body in the reaction region
may be provided with a coating adapted to enhance the
reaction to take place in the reaction region. In these
embodiments of the invention, the coating may be a
catalytic coating adapted to enhance the speed and/or
efficiency of the reaction in the reaction region. Any
suitable catalytic coating may be used, although in some
embodiments of the invention, the catalytic coating may
be a coating of a noble metal, such as (but not limited to)
gold, silver, platinum and the like.

[0016] Othercoating or plating materials, such as other
metals (e.g. titanium), ceramics (e.g. titanium dioxide) or
oxides (e.g. manganese dioxide), may also be used.
Alternatively, at least the portion of the elongate body
located in the reaction region may be fabricated from
these materials.

[0017] In a preferred embodiment of the invention,
opposed ends of the reaction region may be defined
by a shoulder member. Preferably, the shoulder member
may be adapted to reduce or eliminate the flow of fluid
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past the shoulder member. In particular, the shoulder
member may be adapted to reduce or eliminate the flow
of acid generated in the reaction region past the shoulder
member. Thus, the shoulder member may reduce or
eliminate the possibility of acid generated in the reaction
region from coming into contact with the sealing regions
and, more particularly, the sealing members. In some
embodiments of the invention, the sealing members may
be susceptible to damage or degradation when brought
into contact with acid. In turn, degradation or damage to
the sealing member may result in a reduction in the
effectiveness of the seal (and a loss of pressure in the
reaction region) formed between the sealing member
and, for instance, a sleeve (such as a dielectric sleeve)
in which the electrode is received during use.

[0018] The shoulder member may be of any suitable
form. Preferably, however, the shoulder member may be
formed integrally with the electrode. In a preferred em-
bodiment of the invention, the shoulder member may
extend outwardly from the surface of the elongate body
to a sufficient height so as to prevent the flow of liquid
thereover. Thus, the shoulder members at opposed ends
of the reaction region may effectively act as bunds. In
other embodiments, the shoulder member may extend
outwardly from the surface of the elongate body to a
height at which it is located adjacent, or in abutment with,
a sleeve (such as a dielectric sleeve) in which the elec-
trode is received during use. In this way, the shoulder
members may reduce or eliminate the flow of liquids
and/or gases from the reaction region to the sealing
regions.

[0019] In a preferred embodiment of the invention, the
shoulder members may extend outwardly from the elon-
gate body in a substantially annular manner.

[0020] The shoulder members may be of any suitable
shape. For instance, at least one of the shoulder mem-
bers may be tapered. In this way, it may be easier to move
a sealing member over the shoulder member and into a
receiving portion. Alternatively, the shoulder members
may be substantially square. This may assistin mounting
the electrode to an objection, such as a bulkhead. This is
particularly the case for the shoulder member located
between the sealing regions and the respective ends of
the electrode.

[0021] Insome embodiments of the invention, an aper-
ture may be provided in an outer surface of the elongate
body at each end of the reaction region. It is envisaged
that the apertures may be provided in order to drain fluid
from the reaction region (including acid generated in the
reaction region). The apertures may be of any suitable
size and shape, although itis preferred that the apertures
are of sufficient size and shape to be able to drain
sufficient fluid from the reaction region in order to reduce
or eliminate the build-up of fluid (particularly acidic fluid)
in the reaction region.

[0022] Preferably, the apertures may be in fluid com-
munication with the one or more bores in the elongate
body. The apertures at each end may be in fluid commu-
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nication with the same bore. More preferably, the aper-
ture located at the inletend of the reaction region (the inlet
aperture) may be in fluid communication with the bore
extending into the elongate body from the inlet end there-
of, while the aperture located at the outlet end of the
reaction region (the outlet aperture) may be in fluid com-
munication with the bore extending into the elongate
body from the outlet end thereof.

[0023] Thus, in this embodiment of the invention it is
envisaged that the gaseous medium to be processed in
the plasma reactor may enter the electrode through the
bore located at the inlet end of the elongate body, and
may pass through the inlet aperture into the reaction
region. Reaction products generated in the reaction re-
gion may exit the reaction region through the outlet
aperture and then exit the electrode through the bore
located at the outlet end of the elongate body. It will be
understood that the reaction products may include any
species produced during the reaction within the reaction
region, and may include gaseous or liquid species. In
addition, it is possible that a portion of the gaseous
medium entering the reaction region may not react. As
a result, unreacted gaseous medium may also exit the
reaction region through the outlet aperture.

[0024] Any suitable number of inlet apertures and out-
let apertures may be provided. For instance, a single inlet
aperture and a single outlet aperture may be provided.
More preferably at least a pair of inlet apertures and at
least a pair of outlet apertures may be provided. In a
specific embodiment of the invention, the electrode may
be provided with four inlet apertures and 4 outlet aper-
tures. In some embodiments, the inlet apertures and/or
the outlet apertures may be spaced equidistantly from
one another about the circumference of the electrode.
[0025] The bores may extend beyond the apertures
any suitable distance toward the opposed end of the
electrode, and the length of the bore is not critical to
the invention. In some embodiments of the invention,
the bores may extend only a relatively short distance
toward the opposed end of the electrode beyond the
apertures. In this embodiment, it is envisaged that the
likelihood of stagnant gas accumulating in the bore may
be reduced. In addition, cooling of the electrode may be
improved due to increased air exchange.

[0026] Onthe otherhand, providing boresthatextenda
relatively long distance toward the opposed end of the
electrode beyond the apertures may also provide some
advantages. For instance, longer bores reduces the
amount of material (and therefore the weight) in the
electrode, potentially reducing shipping costs. Reduced
thermal mass may also aid in cooling of the electrode.
[0027] In a preferred embodiment of the invention, a
first of the pair of bores may be relatively short, while a
second of the pair of bores may be relatively long. In this
embodiment of the invention, the relatively short bore
may extend into the electrode from the inlet end of the
electrode, while the relatively long bore may extend into
the electrode from the outlet end thereof.
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[0028] It is envisaged that, by providing the relatively
shortbore atthe inlet end of the electrode, areduced area
for stagnant fluid to accumulate may be provided. In this
way, the temperature of the fluid entering the reaction
region through the inlet aperture may be prevented from
rising too high. If the temperature of the fluid rises too
high, unwanted chemical reactions may occur before the
fluid enters the reaction region, therefore making the
reaction in the reaction region less efficient.

[0029] It is further envisaged that, by providing the
relatively long bore at the outlet end of the electrode,
the thermal mass of the electrode may be reduced, and
heat generated in the reaction region may be removed by
fluid exiting the reaction region through the outlet aper-
tures.

[0030] In some embodiments, a plurality of inlet aper-
tures and/or a plurality of outlet apertures may be pro-
vided.

[0031] Preferably, each of the inlet apertures and the
outlet apertures may be located so as to pass through at
least a portion of the shoulder member located at the
respective ends of the reaction region. Itis envisaged that
the amount of fluid that enters the sealing regions may be
reduced or eliminated by locating the apertures so that
they pass through at least a portion of the shoulder
member. This is because there is no gap between the
apertures and the shoulder members in which fluid can
build up and not be removed from the reaction region
through the apertures.

[0032] In some embodiments of the invention one or
more intermediate outlet apertures may be provided in
the reaction region spaced apart from both the first seal-
ing region and the second sealing region. In this embodi-
ment of the invention, the one or more intermediate outlet
apertures within the reaction region may be adapted to
provide an escape route for fluid that has already reacted
or been heated. This may not only improve the efficiency
of the electrode, but may also assist in avoiding second-
ary reactions of already reacted fluid within the reaction
region (and an associated breakdown of reaction pro-
duct, or reduced production of reaction product).
[0033] The one or more intermediate outlet apertures
in the reaction region may be positioned at any suitable
distance from the first sealing region and the second
sealing region. For instance, the one or more intermedi-
ate outlet apertures may be located approximately equi-
distant from each of the first sealing region and the
second sealing region. More preferably, however, the
one or more intermediate outlet apertures in the reaction
region may be located closer to the outlet end of the
electrode than the inlet end thereof. In a specific embodi-
ment of the invention, the one or more intermediate outlet
apertures in the reaction region may be located approxi-
mately one third of the length of the reaction region from
the second sealing region (and therefore approximately
two thirds of the length of the reaction region from the first
sealing region).

[0034] In some embodiments of the invention, a plur-
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ality of intermediate outlet apertures may be provided at
different points within the reaction region. Preferably,
however, all of the intermediate outlet apertures may
be located in the portion of the reaction region comprising
approximately one third of the length of the reaction
region from the second sealing region.

[0035] It is envisaged that a plurality of intermediate
outlet apertures may be provided in situations in which
relatively high flow of fluid entering the device is antici-
pated. In situations of relatively high flow, reaction pro-
duct may be drawn out of the plurality of intermediate
outlet apertures such that the volume of fluid flowing
through the outlet apertures at the end of the reaction
region is approximately the same as in relatively low flow
situations.

[0036] It is envisaged that fluid exiting the reaction
region through the one or more intermediate outlet aper-
tures may draw fluid from within the outlet bore towards
the outlet of the electrode. This may assistin ensuring the
temperature of the electrode is kept relatively low.
[0037] Theintermediate outletapertures may be of any
suitable diameter. In a preferred embodiment of the in-
vention, the diameter of the intermediate outlet apertures
is smaller than the diameter of the outlet apertures. In a
specific embodiment of the invention, the diameter of the
intermediate outlet apertures may be between approxi-
mately 1.5 mm and 2mm, although it will be understood
that the diameter may vary depending on the size of the
electrode, the diameter of the inlet apertures and/or the
outlet apertures, the flow of fluid through the reaction
region, the nature of the reaction in the reaction region
and so on.

[0038] It is envisaged that, by removing reaction pro-
duct from the reaction region through the one or more
intermediate outlet apertures, the overall production of
reaction product may be increased. It is envisaged that
the reason for this may be, at least in part, that removing
reaction product from the reaction region through the one
or more intermediate outlet apertures may reduce the
likelihood of secondary reactions that convert the desired
reaction product into other chemical species.

[0039] In some embodiments of the invention, the re-
action region may be provided with one or more chan-
nels. In a preferred embodiment of the invention, a chan-
nelmay be located adjacentthe first sealing region and/or
the second sealing region. In a particular embodiment, a
channel may be located adjacent a shoulder member at
both ends of the reaction region. Preferably, at least a
portion of each of the apertures is located within one of
the one or more channels. Preferably, the one or more
channels are substantially annular.

[0040] The one or more channels may be of any sui-
table form. Preferably, however, the diameter of the
elongate body in the region of the one or more channels
is lower than the diameter of the elongate body in the
remainder of the reaction region. In this way, the fluid in
the reaction region may flow into the one or more chan-
nels and be drained more effectively and/or completely.
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Preferably, the one or more channels extend annularly
about the circumference of the elongate body.

[0041] As previously stated, the electrode comprises a
first sealing region located between the reaction region
and the inlet end of the elongate body, and a second
sealing region located between the reaction region and
the outlet end of the elongate body. The sealing regions
may be of any suitable form, and may provide any sui-
table seal. Preferably, however, the sealing regions may
be adapted to provide a seal between the electrode and a
sleeve (such as a dielectric sleeve) in which the electrode
is received during use.

[0042] In some embodiments of the invention, one or
more sealing members may be integrally formed with the
sealing regions. Alternatively, one or more sealing mem-
bers may be formed separately to the sealing regions and
may be adapted for fixed or removable connection there-
to.

[0043] The one or more sealing members may be of
any suitable form. Preferably, the one or more sealing
members are fabricated from a resiliently deformable
material. In this way, the sealing members may deform
when brought into contact with an object (such as a
sleeve, including a dielectric sleeve, in which the elec-
trode is received during use), thereby forming a seal. By
providing a sealing region at either end of the reaction
region and forming a seal with the sealing regions, a
desired atmosphere and/or pressure may be maintained
within the reaction region.

[0044] Any suitable resiliently deformable material
may be used, such as rubber or a polymeric material.
In some embodiments of the invention the resiliently
deformable material may have acid resistant properties.
In a preferred embodiment of the invention, the one or
more sealing members may comprise O-rings, gaskets
or the like.

[0045] The receiving portions may be of any suitable
form. Preferably, however, the receiving portions may be
of sufficient width to accommodate at least one sealing
member therein. More preferably, each receiving portion
is adapted to receive a single sealing member therein.
Any suitable number of receiving portions may be pro-
vided. In a specific embodiment of the invention, at least
three receiving portions are provided, wherein each of
the at least three receiving portions are adapted to re-
ceive a sealing member.

[0046] In a preferred embodiment of the invention, the
receiving portions may have a smaller diameterthan both
the shoulder members and the barrier members. Thus,
when a sealing member is received in a receiving portion,
it is envisaged that the sealing member may extend
radially outwardly from the receiving portion to a point
substantially equal to, or slightly above) the point to which
the shoulder members and the barrier members extend
radially from the elongate body.

[0047] The barrier members may be of any suitable
form. As previously stated, the barrier members are
adapted to reduce or eliminate the flow of fluid between
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the receiving portions. In particular, the barrier members
may be adapted to reduce or eliminate the flow of acid
generated in the reaction region past the barrier mem-
bers. Thus, the barrier members may reduce or eliminate
the possibility of acid generated in the reaction region
from coming into contact with the sealing members. In
some embodiments of the invention, the sealing mem-
bers may be susceptible to damage or degradation when
brought into contact with acid. In turn, degradation or
damage to the sealing member may result in a reduction
in the effectiveness of the seal (and a loss of pressure in
the reaction region) formed between the sealing member
and, for instance, a sleeve (such as a dielectric sleeve)in
which the electrode is received during use.

[0048] The barrier members may be of any suitable
form. Preferably, however, the barrier members may be
formed integrally with the electrode. In a preferred em-
bodiment of the invention, the barrier members may
extend outwardly from the surface of the elongate body
to a sufficient height so as to prevent the flow of liquid
thereover. Thus, even if fluid, and particularly liquid acid,
is able to flow past the shoulder member and enter a
receiving portion adjacent the barrier members, a barrier
member between adjacent receiving portions will sub-
stantially preclude the flow of fluid from one receiving
portion to another. In other embodiments, the barrier
members may extend outwardly from the surface of
the elongate body to a height at which they are located
adjacent, or in abutment with, a sleeve (such as a di-
electric sleeve) in which the electrode is received during
use. In this way, the barrier members may reduce or
eliminate the flow of liquids and/or gases from the reac-
tion region to adjacent receiving portions. Preferably, the
barrier members all extend outwardly from the surface of
the elongate body to substantially the same height. Pre-
ferably, the barrier members extend outwardly from the
surface of the elongate body to substantially the same
height as the shoulder members.

[0049] In other embodiments of the invention, the bar-
rier members may extend outwardly from the surface of
the elongate body to a height less than the height of the
shoulder members. In this embodiment of the invention,
the barrier members may in effect form a saddle. This
may assist in locating the sealing members in the receiv-
ing portions.

[0050] In a preferred embodiment of the invention, the
receiving portion located furthest from the reaction region
in both the first sealing region and the second sealing
region may be provided with a barrier member on both
sides thereof. Similarly, it is envisaged that the receiving
portion located closest to the reaction region in both the
first sealing region and the second sealing region may be
provided with a barrier member on one side and the
shoulder member on the other. In this way, each receiving
portionis provided with a barrier member and/or shoulder
member on each side thereof.

[0051] The shoulder member positioned between the
reaction region and the first sealing region and/or the
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shoulder member positioned between the reaction re-
gion and the second sealing region may be of any sui-
table width. For instance, the shoulder members may be
of the same width as the barrier members. More prefer-
ably, the shoulder members may be of greater width than
the barrier members. By providing a relatively wide
shoulder member between the reaction region and the
first sealing region and/or between the reaction region
and the second sealing region, the flow of fluid between
the reaction region and the first sealing region and/or the
second sealing region may be further reduced and/or
eliminated. In addition, by providing a relatively wide
shoulder member, pressure on the sealing member lo-
cated adjacent the shoulder member may be reduced.
[0052] As previously stated, the shoulder portion may
extend outwardly from the surface of the electrode (and,
more specifically, from the surface of the electrode in the
reaction region). The shoulder portion may extend out-
wardly from the surface of the electrode at any suitable
angle to the surface of the electrode. For instance, the
shoulder portion may extend outwardly from the surface
of the electrode at an angle of approximately 90° to the
surface of the electrode. More preferably, the shoulder
portion may extend outwardly from the surface of the
electrode at an angle of between approximately 45° and
85° to the surface of the electrode. Still more preferably,
the shoulder portion may extend outwardly from the sur-
face ofthe electrode at an angle of approximately 55° and
85° to the surface of the electrode. Yet more preferably,
the shoulder portion may extend outwardly from the sur-
face of the electrode at an angle of between approxi-
mately 65° and 85° to the surface of the electrode. Most
preferably, the shoulder portion may extend outwardly
from the surface of the electrode at an angle of approxi-
mately 75° to the surface of the electrode.

[0053] The shoulder portion may be disposed at the
same angle to the surface of the electrode about atleasta
portion of the circumference of the electrode. In some
embodiments of the invention, the shoulder portion may
be disposed at the same angle to the surface of the
electrode aboutthe entire circumference ofthe electrode.
[0054] Preferably, an inlet connection portion may be
provided between the first sealing region and the inletend
of the elongate body. Similarly, an outlet connection
portion may be provided between the second sealing
region and the outlet end of the elongate body. The
connection portions may be of any suitable form,
although it is preferred that the connection portions
may be adapted to allow the connection of the electrode
to another object, such as a valve, conduit (hose, tube,
pipe etc.) or the like. The connection portions may include
one or more clamps, clasps, snap fittings, hooks, or the
like, or any suitable combination thereof. More prefer-
ably, the connection portions may be adapted for con-
nection to a complementary connection portion provided
on the object to which the electrode is to be connected.
For instance, the connection portions may comprise
screw-threaded portions or the like. The screw-threaded
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portions may be provided on an inner surface of the
bores. More preferably, the screw-threaded portions
may be provided on an outer surface of the electrode.
The inlet connection portion and the outlet connection
portion may be of the same length, or may be of different
lengths. In a preferred embodiment of the invention, the
inlet connection portion is of a shorter length than the
outlet connection portion.

[0055] In some embodiments of the invention, a cap-
ping member may be provided on one or both ends of the
electrode. The capping member may be of any suitable
form, although it is envisaged that the capping member
may be located adjacent to, orin abutment with, an end of
the or each sealing region. In a preferred embodiment of
the invention, the capping member may include a flange
member extending substantially parallel to the elongate
body. In this embodiment it is envisaged that the flange
member may be adapted to overlie a portion of a sleeve
(such as a dielectric sleeve) in which the electrode is
received during use. The flange member may frictionally
engage with an outer surface of the sleeve or may be
adhered thereto, using an adhesive such as silicone, to
enhance the seal between the electrode and the sleeve.
[0056] Itis envisaged thatthe capping member may be
connected to the connection portion using any suitable
technique. Preferably, however, the capping member
may include an internal screw-threaded portion adapted
to screw-threadedly engage with the screw-threaded
connection portion.

[0057] In a second aspect, the present invention re-
sides broadly in a plasma reactor including an axial inner
electrode and a cylindrical outer electrode surrounding
the inner electrode, wherein the inner electrode is an
electrode of the first aspect.

[0058] Inathird aspect, theinvention resides broadlyin
a plasma reactor assembly, the assembly comprising
one or more plasma reactors in fluid communication with
a source of fluid to be reacted in the one or more plasma
reactors, the assembly further comprising an electrical
current generation portion adapted to generate an elec-
trical current to drive a reaction in the one or more plasma
reactors, and wherein the assembly further comprises
one or more valves adapted to reduce or eliminate fluid
flow into or out of the assembly.

[0059] The one or more plasma reactors comprise the
plasma reactors of the second aspect.

[0060] The source of fluid may be of any suitable form.
Forinstance, the source of fluid may be a fluid generator,
pressure vessel (such as a gas bottle or the like) or the
like. Alternatively, the source of fluid may be a main line,
and the assembly or, more specifically, the one or more
plasma reactors may be plumbed into the main line.
[0061] The electrical currentgeneration portion may be
of any suitable form. It will be understood that the size and
configuration of the electrical current generation portion
may be dependent on the size of the electrical current to
be generated, and the purpose for which the electrical
currentis to be used. Forinstance, different size electrical
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currents may be required to drive different reactions
within the plasma reactors. Similarly, different size elec-
trical currents may be required when multiple plasma
reactors are present compared to when a single plasma
reactor is present.

[0062] The electrical current generation portion may
include an electrical power source (such as a battery,
photovoltaic cell or the like), or may be electrically asso-
ciated with an external electrical power source (such as a
generator, mains power, or the like). In general, however,
the electrical current generation portion is conventional,
and no specific discussion of this is required.

[0063] Preferably, the electrical currentgeneration por-
tion may be electrically connected to an outer electrode of
the one or more plasma reactors.

[0064] In embodiments of the invention in which a
plurality of plasma reactors are present, it is envisaged
that the plasma reactors may be positioned in series with
one another.

[0065] Inan alternative embodiment of the invention, a
plurality of plasma reactors may be positioned in parallel
with one another. It is envisaged that this arrangement
may be desirable in situations where high fluid flowrate is
encountered, whereby the fluid flow may be divided
between the plurality of plasma reactors in parallel with
one another. The fluid flow may be divided using any
suitable technique. Forinstance, a manifold, one or more
valves or the like, or any suitable combination thereof,
may be provided to divide the fluid flow between the
plurality of plasma reactors.

[0066] In embodiments of the invention in which a
plurality of plasma reactors are present in the plasma
reactor assembly, it is envisaged that a plurality of elec-
trical power sources may be used. The electrical power
sources may be the same as one another, or may be
different to one another.

[0067] Inthisembodimentofthe invention, one ormore
plasma reactors may be associated with each electrical
power source. For instance, two or more electrical power
sources may be provided, wherein at least one of the
electrical power sources is electrically associated with
two or more plasma reactors. In a particular embodiment,
each plasma reactor may be associated with its own
individual electrical power source.

[0068] It is envisaged that the plasma reactor assem-
bly may include an inletand an outlet. The inlet may be an
inlet of a plasma reactor. Preferably, the inlet of the
assembly is in fluid communication with the source of
fluid to be reacted. The outlet may be of any suitable form,
although in some embodiments of the invention, the
outlet may comprise an outlet of a plasma reactor. More
preferably, the outlet of the plasma reactor may be con-
nected to a conduit (such as a pipe, hose or the like). In
this embodiment of the invention, the outlet of the conduit
may comprise the outlet of the assembly.

[0069] In embodiments of the invention in which a
conduit extends between the plasma reactor and the
outlet of the assembly, it is envisaged that the one or
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more valves may be associated with the conduit. Pre-
ferably, the valve includes a valve member adapted to
move between a closed condition (in which the flow of
fluid through the valve is substantially precluded) and an
open condition (in which there is no impediment to the
flow of fluid through the valve). The valve may be of any
suitable form, although in a preferred embodiment of the
invention, the valve may comprise a solenoid valve.
[0070] In embodiments of the invention in which the
valve comprises a solenoid valve, the valve may be
electrically associated with the same electrical power
source as the electrical current generation portion.
[0071] Itisenvisaged that, whenfluidis flowing through
the assembly (i.e. when the plasma reactors are operat-
ing) the valve may be in the open condition. However,
when no fluid is flowing through the assembly (i.e. when
the plasma reactors are not operating) the valve may be
in the closed condition. Actuation of the valve may be
achieved using any suitable manner. For instance, the
vale may be actuated manually. More preferably, the
valve may be actuated automatically. Most preferably,
the valve may be actuated automatically in response to
the flow of fluid through the assembly. For instance, when
fluid begins to flow through the assembly, the valve may
actuate and move to the open condition. When the flow of
fluid through the assembly ceases, the valve may actuate
and move to the closed condition.

[0072] Itis envisaged that, in the closed condition, the
assembly may be substantially isolated and/or sealed. In
this way the flow of fluid through the outlet of the assembly
into the plasma reactors may be reduced or eliminated. It
will be understood that the backflow of fluid into the
assembly in this manner may damage the plasma reac-
tors and/or the assembly as a whole.

[0073] Similarly, leakage from the assembly through
the outlet may be reduced or eliminated. This may reduce
or eliminate the accidental or unwanted discharge of
reaction product (such as ozone) through the outlet of
the assembly.

[0074] In some embodiments of the invention, the as-
sembly may further comprise a mounting portion to which
the parts of the assembly may be mounted. The mounting
portion may be of any suitable form, although in some
embodiments of the invention, the mounting portion may
comprise a bracket.

[0075] The sleeve in which the electrode is received
may be of any suitable form. Preferably, however, the
sleeve may comprise a dielectric sleeve. The sleeve may
be fabricated from any suitable material, although in a
preferred embodiment of the invention the sleeve may
comprise a glass tube in which the electrode is received.
[0076] Preferably, an outer electrode may be asso-
ciated with the sleeve. The outer electrode may be of
any suitable form. However, it is preferred that the outer
electrode may be at least partially fabricated from an
electrically conductive material (such as, but not limited
to, metal, metal alloys or the like). In some embodiments,
a conductive sleeve (such as a metal sleeve) may be
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provided. It is envisaged that the conductive sleeve may
at least partially surround at least a portion of the di-
electric sleeve.

[0077] Inotherembodiments ofthe invention, alayer of
electrically conductive material may be provided on the
outer surface of the dielectric sleeve. The layer of elec-
trically conductive material may atleast partially surround
at least a portion of the dielectric sleeve. The electrically
conductive material may be of any suitable type, although
in a preferred embodiment of the invention, the electri-
cally conductive material may be a metal, metal alloy or
the like. In this embodiment of the invention, the layer of
electrically conductive material may form at least a por-
tion of the outer electrode.

[0078] The layer of electrically conductive material
may be applied to the outer surface of the dielectric
sleeve using any suitable technique. For instance, the
layer may be painted onto the dielectric sleeve or may be
applied using any suitable technique, such as, but not
limited to, chemical or physical vapour deposition pro-
cesses (including Magnetron sputtering), chemical and
electrochemical techniques (including electroplating),
spraying, roll-to-roll coating processes and/or physical
coating processes.

[0079] In this embodiment of the invention, the elec-
trical connection to the outer electrode (i.e. the layer of
electrically conductive material) may be enhanced by
providing an electrical connection member. Any suitable
electrical connection member may be provided, although
in some embodiments of the invention, the electrical
connection member may be provided to at least partially
surround the region of the dielectric sleeve to which the
layer of electrically conductive material has been applied.
The electrical connection member is preferably fabri-
cated from an electrically conductive material, such as
metal or metal alloy.

[0080] In some embodiments of the invention, the
electrical connection member may comprise one or more
coils of electrically conductive material, such as coiled
metal wire or a metal spring. In this embodiment, it is
envisaged that the one or more coils of electrically con-
ductive material may surround the dielectric sleeve along
at least a portion of the length of the dielectric sleeve.
[0081] It is envisaged that the one or more coils of
electrically conductive material may form the outer sur-
face of the plasma reactor. Alternatively, a layer, and in
particular an insulating layer, may be provided over the
one or more coils of electrically conductive material. The
insulating layer may be of any suitable form, althoughina
preferred embodiment of the invention the insulating
layer may be fabricated from a polymeric material. In a
preferred embodiment of the invention, the insulating
layer may comprise a heat shrink.

[0082] Any of the features described herein can be
combined in any combination with any one or more of
the other features described herein within the scope of
the invention.

[0083] The reference to any prior art in this specifica-
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tion is not, and should not be taken as an acknowledge-
ment or any form of suggestion that the prior art forms part
of the common general knowledge.

BRIEF DESCRIPTION OF DRAWINGS

[0084] Preferred features, embodiments and varia-
tions of the invention may be discerned from the following
Detailed Description which provides sufficient informa-
tion for those skilled in the art to perform the invention.
The Detailed Description is not to be regarded as limiting
the scope of the preceding Summary of the Invention in
any way. The Detailed Description will make reference to
a number of drawings as follows:

Figure 1 illustrates a side view of an electrode for a
plasma reactor according to an embodiment of the
present invention.

Figure 2 illustrates a side view of an electrode for a
plasma reactor according to an embodiment of the
present invention.

Figure 3 illustrates a side view of an electrode for a
plasma reactor according to an embodiment of the
present invention.

Figure 4 illustrates a cross-sectional view of an elec-
trode for a plasma reactor according to an embodi-
ment of the present invention.

Figure 5 illustrates a cross-sectional view of a plas-
ma reactor according to an embodiment of the pre-
sent invention.

Figure 6 illustrates an isometric view of a reaction
assembly including a plasma reactor according to an
embodiment of the present invention.

Figure 7 illustrates a detailed cross-sectional view of
an electrode for a plasma reactor according to an
embodiment of the present invention.

Figure 8 illustrates a cross-sectional view of an elec-
trode for a plasma reactor according to an embodi-
ment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0085] Figure 1 illustrates a side view of an electrode
10 for a plasma reactor according to an embodiment of
the present invention. The electrode 10 comprises an
elongate body 11 having an inlet end 12 and an opposed
outlet end 13. Both the inlet end 12 and the outletend 13
of the elongate body 11 are provided with external screw-
threaded connection portions 14, 15 adapted to allow
screw-threaded connection of the electrode 10 to a con-
duit (not shown), such as a pipe, hose or the like. In
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particular, the external screw-threaded connection por-
tions 14, 15 are adapted for screw-threaded connection
to an internal screw-threaded portion of a conduit, or a
connector etc.

[0086] The electrode 10 comprises a reaction region
16. In the embodiment of the invention shown in Figure 1,
the outer surface of the electrode 10 in the reaction region
16 is knurled so as to create regions of elevated height 17
in the surface of the reaction region 16.

[0087] Afirstsealing region 18is provided between the
reactionregion 16 and theinletend 12 of the electrode 10,
while a second sealing region 19 is provided between the
reaction region 16 and the outlet end 13 of the electrode
10. Each of the first sealing region 18 and the second
sealingregion 19is provided with three receiving portions
20 therein adapted to receive a sealing member (not
shown), typically in the form of an O-ring. Each receiving
portion 20 is in the form of an annular channel that
extends about the circumference of the electrode 10.
Each receiving portion 20 is separated from adjacent
sealing regions 20 by a barrier member 21. The barrier
members 21 extend radially outwardly from the electrode
10 and are adapted to prevent the flow of fluid from the
reaction region 16 between adjacent receiving portions
20.

[0088] InFigure 1, opposed ends of the reaction region
16 are defined by a shoulder member 22. A shoulder
member 22 is positioned between the reaction region 16
and each of the first sealing region 18 and the second
sealing region 19. The purpose of the shoulder members
22 is to reduce or eliminate the flow of fluid from the
reaction region 16 into the sealing regions 18, 19. This is
particularly the case when acid is generated by the
reaction in the reaction region 16. If acid were allowed
to flow into the sealing regions 18, 19 it would come into
contact with the sealing members (not shown) and would
potentially degrade the sealing members (not shown).
Degradation of the sealing members (not shown) will in
turn lead to a reduction in the effectiveness of the seal
between the sealing members (now shown) and the di-
electric sleeve (not shown) that overlies the electrode 10
during use. This results in reduced operating efficiency of
the plasma reactor of which the electrode 10 forms a part.
[0089] In Figure 1, a shoulder member 23 is located at
the end of the first sealing region 18 closest to the inlet
end 12 of the electrode. Similarly, a shoulder member 24
is located at the end of the second sealing region 19
closest to the outlet end 13 of the electrode 10. Although
the sealing members (not shown) form the seal between
the electrode and the dielectric sleeve (not shown), it is
envisaged that the shoulder members 22, 23, 24 and the
barrier members 21 may extend outwardly from the sur-
face of the electrode 10 to be in abutment with, or close
proximity to, the inner surface of the dielectric sleeve (not
shown). Thus, the shoulder members 22, 23, 24 and the
barrier members 21 may also form a seal against the
inner surface of the dielectric sleeve (not shown) or may
be located in such close proximity thereto that the flow of
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liquid past the shoulder members 22, 23, 24 and the
barrier members 21 is reduced or even precluded.
[0090] The reaction region 16 is provided with a plur-
ality of inletapertures 25 and a plurality of outlet apertures
26. In the embodiment of the invention illustrated in
Figure 1, the inlet apertures 25 allow fluid flowing along
aninletbore (obscured) thatextends into the electrode 10
from the inlet end 12 thereof to enter the reaction region
16. Conversely, the outlet apertures 26 allow fluid to enter
an outlet bore (obscured) that extends into the electrode
10 from the outlet end 13 thereof. Thus, fluid is removed
from the reaction region 16 through the exit apertures 26.
The fluid that leaves the reaction region 16 through the
exit apertures 26 may be gaseous or liquid reactions
products generated in the reaction region 16, may be
an unreacted portion of the fluid that entered the reaction
region 16 through the inlet apertures 25, or may be a
combination thereof.

[0091] Although it is envisaged that the desired reac-
tion product generated by the reaction in the reaction
region 16 will exit through the outlet apertures 26, itis also
envisaged that in applications in which reaction products
such as acid and the like are generated in the reaction
region, the inlet apertures 25 and/or the outlet apertures
26 may effectively act as drains through which reaction
products may be removed to ensure that the reaction
products are unable to come into contact with the sealing
members (not shown).

[0092] To assist in ensuring that adequate drainage of
the reaction products is achieved, both the inlet apertures
25 and the outlet apertures 26 pass through a portion of
the respective shoulder members 22. In this way, no gap
in which fluid is able to build up (and potentially overflow
the shoulder members 22 into the sealing regions 18, 19)
is present between the apertures 25, 26 and the respec-
tive shoulder members 22.

[0093] In the embodiments of the invention illustrated
in Figure 1, atleast a portion of each of the inlet apertures
25 and the outlet apertures 26 are located within chan-
nels 27 that extend about the circumference of the elec-
trode 10. The diameter of the electrode 10 in the region of
the channels 27 is smaller than the diameter of the
electrode 10 in the remainder of the reaction region 16.
Thus, fluid generated in the reaction region 16 is directed
to flow into the channels 27 and is subsequently removed
from the reaction region 16 through the inlet apertures 25
and/or the outlet apertures 26.

[0094] Figure 2 illustrates a side view of an electrode
10 for a plasma reactor according to an embodiment of
the present invention. The electrode 10 illustrated in
Figure 2 is essentially identical to that illustrated in Figure
1, with the exception that the surface of the electrode 10in
the reaction region 16 is smooth.

[0095] Figure 3 illustrates a side view of an electrode
10 for a plasma reactor according to an embodiment of
the present invention. The electrode 10 illustrated in
Figure 3 is essentially identical to that illustrated in Figure
2, with the exception that the shoulder member 22 posi-
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tioned between the reaction region 16 and the first seal-
ing region 18 and the shoulder member 22 positioned
between the reaction region 16 and the second sealing
region 19 are relatively wide (wider than the barrier
members 21, for instance). In this way, the likelihood of
fluid flowing from the reaction region 16 past the shoulder
members 22 and into the first sealing region 18 or second
sealing region 19 is reduced or eliminated. This arrange-
ment also reduces pressure on the sealing member (not
shown) in the receiving portion 20 adjacent each
shoulder member 22.

[0096] In the embodiment of the invention shown in
Figure 3, the shoulder members 23, 24 between the
sealing regions 18, 19 and the ends 12, 13 of the elec-
trode 10 are shown with a tapered shape. Itis envisaged
that this shape may make locating sealing members (not
shown) within the channels 20 easier.

[0097] However, in other embodiments of the inven-
tion, the shoulder members 23, 24 may be substantially
square in order to assistin mounting the electrode 10to a
bulkhead (not shown).

[0098] Itis envisaged that, when assembling a plasma
reactor using the electrode 10 of Figure 3, a quantity of
sealantmay be provided on the or each shoulder member
22. Any suitable sealant may be used, such as, but not
limited to silicone. When the electrode is inserted into a
dielectric sleeve (not shown), the sealant on the shoulder
portion(s) 22 may be pushed or spread across the
shoulder member 22 so as to assist in forming a seal
between the shoulder member 22 and the dielectric
sleeve (not shown). In some embodiments, the sealant
may be pushed or spread into the receiving portion 20
adjacent the or each shoulder member 22 to form a
physical barrier to reduce or preclude fluid (such as acid)
from the reaction region 16 reaching a sealing member
(not shown) positioned in the receiving portion 20. Not
only does this ensure that a more effective seal is formed
between the electrode 10 and the dielectric sleeve (not
shown), butitalso assists in extending the operational life
of the electrode 10 and the plasma reactor by extending
the life of the sealing member (not shown) by restricting
degradation of the sealing member (not shown) by acid
generated in the reaction region 16.

[0099] In Figure 4 there is illustrated a cross-sectional
view of an electrode 10 for a plasma reactor according to
an embodiment of the present invention. The electrode
10 may be the electrode of either Figure 1 or Figure 2. The
electrode 10 comprises an elongate body 11 having an
inlet end 12 and an opposed outlet end 13. Both the inlet
end 12 and the outlet end 13 of the elongate body 11 are
provided with external screw-threaded connection por-
tions 14, 15 adapted to allow screw-threaded connection
of the electrode 10 to a conduit (not shown), such as a
pipe, hose or the like.

[0100] In this Figure, it may be clearly seen that the
electrode 10 comprises an inlet bore 28 that extends into
the body 11 from the inlet end 12 and an outlet bore 29
that extends into the body 11 from the outlet end 13. In



19 EP 3 900 087 B1 20

use, fluid enters the inlet end 12 of the electrode, travels
along the inlet bore 28 and enters the reaction region 16
through a plurality of inlet apertures 25. Fluid leaving the
reaction region 16 passes through a plurality of exit
apertures 26 into the outlet bore 29 before leaving the
electrode 10 through the outlet end 13.

[0101] Itis clearly illustrated in Figure 4 that the inlet
bore 28 and the outlet bore 29 do not meet. However,
each of the inlet bore 28 and the outlet bore 29 extend into
body beyond the inlet aperture 25 and the outlet aperture
26, respectively. Thus, the inlet bore 28 and the outlet
bore 29 each include reservoir portions 30 in which fluid
generated in the reaction region 16, such as acid, may be
collected.

[0102] In Figure 5 there is illustrated a cross-sectional
view of a plasma reactor 31 according to an embodiment
of the present invention. The plasma reactor 31 includes
an inner electrode 10 similar or identical to the ones
illustrated in Figures 1to4 and 7 to 8. The inner electrode
10 is inserted into a dielectric sleeve 32, and a seal is
formed between the inner electrode 10 and the dielectric
sleeve 32 via O-rings 33 positioned in the receiving
portions 20 of the first sealing region 18 and the second
sealing region 19.

[0103] The sealformed betweenthe O-rings 33 and the
dielectric sleeve 32 substantially precludes fluid from
escaping from the reaction region 16 (formed between
the outer surface of the inner electrode 10 and the inner
surface of the dielectric sleeve 32) between the O-rings
33 and the dielectric sleeve 32. The seal also maintains
the pressure within the reaction region 16. Further, the
use of multiple O-rings 33 serves to improve the ability to
locate the inner electrode 10 substantially centrally within
the dielectric sleeve 32. Typically, O-rings 33 do not have
a completely consistent cross-sectional diameter or de-
formability due to unavoidable intolerances during man-
ufacture. Therefore, the use of a single O-ring 33, oreven
a pair of O-rings 33 may result in the inner electrode 10
and the dielectric sleeve 32 not being positioned co-
axially within one another.

[0104] In situations in which the inner electrode 10 is
off-centre within the dielectric sleeve 32 (i.e. not posi-
tioned substantially co-axially within the dielectric sleeve
32), a portion of the inner electrode 10 will be positioned
closer to the dielectric sleeve 32 than other parts of the
electrode 10. This not only reduces the effectiveness of
the reactor 31, butis also likely to reduce the service life of
the reactor 31 due to the formation of hot spots that will
degrade the inner electrode 10 and/or dielectric sleeve
32. The applicants have found that the use of 3 or more O-
rings 33 overcomes the effect of the manufacturing in-
tolerances so that the inner electrode 10 may be located
substantially centrally within the dielectric sleeve 32.
[0105] In the embodiment of the invention shown in
Figure 5, the dielectric sleeve 32 is fabricated from glass.
[0106] The seal is enhanced through the use of cap-
ping members 34 provided at each end of the reactor 31.
The capping members 34 are adapted for screw-
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threaded engagement with the screw threaded portions
14, 15 located at the inlet end 12 and the outlet end 13,
respectively, of the inner electrode 10. The capping
members 34 are adapted to overlie a portion of the di-
electric sleeve 32 such that fluid is substantially pre-
cluded from escaping therebetween.

[0107] As can be seen in Figure 5, an O-ring 33 is
positioned in each of the receiving portions 20 of the first
sealing region 18 and the second sealing region 19. This
serves a number of purposes. Firstly, the presence of (in
this instance) three O-rings 33 at each end of the reaction
region 16 provides an enhanced seal against the dielec-
tric sleeve 32. As O-rings 33 are not perfectly circular,
using atleast 3 O-rings 33 ensures that adequate sealing
is formed between the O-rings 33 and the dielectric
sleeve 32. In addition, while fluid such as acid should
be substantially precluded from flowing out of the reac-
tion region 16 past the shoulder portions 22 and into the
sealing regions 18, 19 locating each O-ring 33 in a
separate receiving portion 20 means that any acid that
does reach the sealing regions 18, 19 will only reach the
O-ring 33 closest to the shoulder portions 22. Thus, any
adverse effect on the seal formed between the O-rings 33
and the dielectric sleeve 32 may be minimised.

[0108] The inner electrode 10 and dielectric sleeve 32
are inserted into an outer electrode 35 to complete the
assembly of the plasma reactor 31

[0109] In Figure 6 there is illustrated an isometric view
of a plasma reactor assembly 36 according to an embo-
diment of the invention. The plasma reactor assembly 36
includes a plasma reactor 31 of the kind illustrated in
Figure 5.

[0110] Theinletend 12 of the plasma reactor 31 forms
the inlet of the assembly 36 and is in fluid communication
with a source of the fluid to be reacted (not shown). An
electrical current generation portion 37 is electrically
connected to the plasma reactor 31 (and, more specifi-
cally, to the outer electrode 35 of the plasma reactor 31)
via wire 38. The electrical current generated by the
electrical current generation portion 37 is used to drive
the reaction (i.e. a plasma reaction, corona discharge
reaction or the like) within the plasma generator 31.
[0111] The plasmagenerator 31 and the outlet 39 of the
assembly are in fluid communication with one another via
conduit 40. A solenoid valve 41 is located on conduit 40
between the plasma reactor 31 and the outlet 39. When
fluid is flowing through the assembly 36, the solenoid
valve 41 is in the open condition, such that fluid to be
reacted may enter the assembly 36 through the inlet 12
and reaction products may exit the assembly 36 through
the outlet 39. However, when the plasma reactor 31 is not
operating and/or when fluid is not flowing into the assem-
bly 36 through the inlet 12, the solenoid valve 41 may
actuate to move into the closed condition in which fluid is
substantially precluded from flowing between the plasma
reactor 31 and the outlet 39 past the solenoid valve 41.
[0112] When the solenoid valve 1 is in the closed
condition, fluid (such as water) downstream of the outlet
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39 is substantially precluded from backflow into the as-
sembly 36 through the outlet 39. In this way, the plasma
reactor 31 may be protected from the backflow of fluid,
which could lead to damage to, or at least the poor
performance of, the plasma reactor 31.

[0113] The assembly 36 further comprises a mounting
bracket 42 to which the parts of the assembly 36 are
mounted.

[0114] In Figure 7 there is illustrated a detailed cross-
sectional view of an electrode 10 for a plasma reactor
according to an embodiment of the present invention. In
this embodiment, the angle 6 between the surface of the
electrode 10 in the reaction region 16 and the shoulder
portion 22 may be more clearly seen. In this embodiment,
the shoulder portion 22 extends outwardly from the sur-
face of the electrode 10 in the reaction region 16 at an
included angle 6 of approximately 75° to the surface of the
electrode 10 in the reaction region 16.

[0115] In Figure 8 there is illustrated a cross-sectional
view of an electrode 10 according to an embodiment of
the present invention. The electrode 10 comprises an
elongate body 11 having an inlet end 12 and an opposed
outlet end 13. Both the inlet end 12 and the outlet end 13
of the elongate body 11 are provided with external screw-
threaded connection portions 14, 15 adapted to allow
screw-threaded connection of the electrode 10 to a con-
duit (not shown), such as a pipe, hose or the like.
[0116] In this Figure, it may be clearly seen that the
electrode 10 comprises an inlet bore 28 that extends into
the body 11 from the inlet end 12 and an outlet bore 29
that extends into the body 11 from the outlet end 13. In
use, fluid enters the inlet end 12 of the electrode, travels
along the inlet bore 28 and enters the reaction region 16
through a plurality of inlet apertures 25. Fluid leaving the
reaction region 16 passes through a plurality of exit
apertures 26 into the outlet bore 29 before leaving the
electrode 10 through the outlet end 13.

[0117] It is clearly illustrated in Figure 4 that the inlet
bore 28 and the outlet bore 29 do not meet. However, the
inlet bore 28 is relatively short, extending into the elec-
trode to a point only just beyond the inlet apertures 25 (of
which there are four in this embodiment). By providing a
relatively shortinlet bore 28, the ability to stagnant fluid to
accumulate in the inlet bore 28 is reduced or eliminated.
Further, fluid entering the electrode 10 through the inlet
end 12 is substantially precluded from heating up prior to
entering the reaction region 16 through the inlet aper-
tures 25.

[0118] In contrast, the outlet bore 29 is relatively long,
and extends into the electrode 10 a considerable dis-
tance beyond the outlet apertures 26 (of which there are
fourin this embodiment). Providing a relatively long outlet
bore 29 notonly reduces the mass of the electrode 10, but
also assists in extracting heat from the reaction region 16
in reacted fluid.

[0119] It will be noted that, in Figure 8, an intermediate
outletaperture 26’ is located within the reaction region 16.
The intermediate outlet aperture 26’ is located approxi-
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mately two thirds of the length of the reaction region 16
from the inlet apertures 25 and approximately a third of
the length of the reaction region 16 from the outlet aper-
tures 26. The intermediate outlet aperture 26’ is located in
the reaction region 16 so as to provide an outlet for
reacted and/or heated fluid from the reaction region
16. By providing an intermediate outlet aperture 26’ for
reacted and/or heated fluid from the reaction region 16
between the inlet apertures 25 and the outlet apertures
26, secondary reactions of the already reacted fluid may
be reduced or eliminated, thereby improving the effi-
ciency of the electrode 10 in terms of increasing the
quantity of desired reaction product produced.

[0120] In Figure 8, the shoulder members 22 between
the sealing regions 18, 19 and the reaction region 16 are
relatively wide so as to reduce or eliminate the flow of fluid
from the reaction region 16 into the sealing regions 18, 19
past the shoulder members 22. In addition, all shoulder
members 22, 23, 24 are substantially square. In the case
of shoulder members 23, 24, this may assist in mounting
the electrode 10 to a bulkhead (not shown).

[0121] The barrier members 21 of Figure 8 differ from
the barrier members shown in other Figures in that they
extend outwardly from the surface of the electrode 10to a
height less than that of the shoulder members 22, 23, 24.
Thus, in this embodiment of the invention, the barrier
members 21 form a saddle. This may assist in locating
the sealing members (not shown) in the receiving por-
tions 20.

Claims

1. An electrode (10) for a plasma reactor (31), the
electrode comprising an elongate body (11) having
an inlet end (12) and an opposed outlet end (13), a
reaction region (16) extending along a portion of the
elongate body (11), a first sealing region (18) located
between the reaction region (16) and the inlet end
(12) of the elongate body (11) and a second sealing
region (19) located between the reaction region (16)
and the outlet end (13) of the elongate body (11),
wherein the first sealing region (18) and the second
sealing region (19) each comprise a plurality of re-
ceiving portions (20) adapted to receive a sealing
member therein,
characterized in that
abarriermember (21) adapted to reduce or eliminate
the flow of fluid between the receiving portions (20) is
provided between each of the plurality of receiving
portions (20).

2. An electrode (10) according to claim 1 wherein the
reaction region (16) comprises a portion of an outer
surface of the elongate body (11), and preferably
wherein the outer surface of the elongate body (11) in
the reaction region (16) is adapted to enhance the
reaction that is to take place in the reaction region
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(16).

An electrode (10) according to any one of the pre-
ceding claims wherein opposed ends of the reaction
region (16) are defined by a shoulder member (22)
adapted to reduce or eliminate the flow of fluid past
the shoulder member (22), and preferably wherein
the shoulder members (22) extend outwardly from
the elongate body (11) in a substantially annular
manner.

An electrode (10) according to claim 3 wherein the
shoulder members (22) extend outwardly from the
elongate body (11) at an angle of between approxi-
mately 55° and 85° to the surface of the electrode
(10).

An electrode (10) according to any one of the pre-
ceding claims wherein an inlet aperture (25) is pro-
vided in the outer surface of the electrode body (11)
at an inlet end of the reaction region (16) and an
outlet aperture (26) is provided in the outer surface of
the elongate body (11) atan outlet end of the reaction
region (16).

An electrode (10) according to any one of the pre-
ceding claims wherein the electrode (10) comprises
a first bore (28) that extends into the body (11) from
the inlet end (12) thereof and a second bore (29) that
extends into the body (11) from the outlet end (13)
thereof.

An electrode (10) according to claim 6 when depen-
dent on claim 5 wherein the inlet aperture (25) is in
fluid communication with the first bore (28) and the
outletaperture (26) is in fluid communication with the
second bore (29), and preferably wherein fluid enters
the reaction region (16) through the inlet aperture
(25) and exits the reaction region (16) through the
outlet aperture (26).

An electrode (10) according to any one of claims 5 to
7 when dependent on claim 3 wherein the inlet
aperture (25) and the outlet aperture (26) pass
through at least a portion of the shoulder member
(22) located at the respective end of the reaction
region (16), and preferably wherein the electrode
comprises a plurality of inlet apertures (25) and a
plurality of outlet apertures (26).

An electrode (10) according to any one of the pre-
ceding claims wherein one or more intermediate
outlet apertures (26’) are provided in the reaction
region (16) spaced apart from both the first sealing
region (18) and the second sealing region (19), and
preferably wherein the reaction region (16) is pro-
vided with an annular channel adjacent the first
sealing region (18) and/or the second sealing region

10

15

20

25

30

35

40

45

50

55

13

EP 3 900 087 B1

10.

1.

12,

13.

14.

24
(19).

An electrode (10) according to any one of the pre-
ceding claims wherein the sealing members are
fabricated from a resiliently deformable material.

An electrode (10) according to any one of the pre-
ceding claims wherein each receiving portion (20) is
adapted to receive a single sealing member therein,
and preferably wherein the first sealing region (18)
and the second sealing region (19) each comprise at
least three receiving portions (20).

An electrode (10) according to any one of the pre-
ceding claims wherein an inlet connection portion
(14) is provided between the first sealing region (18)
and the inlet end (12) of the elongate body (11), and
preferably wherein an outlet connection portion (15)
is provided between the second sealing region (19)
and the outlet end (13) of the elongate body (11).

A plasma reactor (31) including an axial inner elec-
trode (10) and a cylindrical outer electrode (35)
surrounding the inner electrode (10), wherein the
inner electrode (10) is an electrode according to
any one of the preceding claims.

A plasma reactor assembly (36), the assembly com-
prising one or more plasma reactors (31) in fluid
communication with a source of fluid to be reacted
in the one or more plasma reactors (31), the assem-
bly further comprising an electrical current genera-
tion portion (37) adapted to generate an electrical
current to drive a reaction in the one or more plasma
reactors (31), and wherein the assembly further
comprises one or more valves (41) adapted to re-
duce or eliminate fluid flow into or out of the assembly
(36), and wherein the one or more plasma reactors
(31) comprise the plasma reactor of claim 13.

Patentanspriiche

1.

Elektrode (10) fiir einen Plasmareaktor (31), wobei
die Elektrode einen langlichen Korper (11) aufwei-
send ein Einlassende (12) und ein gegeniberlie-
gendes Auslassende (13), einen Reaktionsbereich
(16), der sich entlang eines Abschnitts des langli-
chen Kérpers (11) erstreckt, einen ersten Dichtungs-
bereich (18), der sich zwischen dem Reaktionsbe-
reich (16) und dem Einlassende (12) des langlichen
Kérpers (11) befindet, und einen zweiten Dichtungs-
bereich (19), der sich zwischen dem Reaktionsbe-
reich (16) und dem Auslassende (13) des langlichen
Korpers (11) befindet, umfasst, wobei der erste Dich-
tungsbereich (18) und der zweite Dichtungsbereich
(19) jeweils eine Vielzahl von Aufnahmeabschnitten
(20) umfassen, die zur Aufnahme eines Dichtungs-
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elements darin angepasst sind,

dadurch gekennzeichnet, dass

ein Barriereelement (21), das zur Verringerung oder
Beseitigung des Fluidstroms zwischen den Aufnah-
meabschnitten (20) angepasst ist, zwischen jedem
der Vielzahl von Aufnahmeabschnitten (20) bereit-
gestellt ist.

Elektrode (10) nach Anspruch 1, wobei der Reak-
tionsbereich (16) einen Abschnitt einer AuRenflache
des langlichen Koérpers (11) umfasst, und wobei be-
vorzugt die Aufldenflache des langlichen Korpers (11)
im Reaktionsbereich (16) zur Verstarkung der im
Reaktionsbereich (16) stattfindenden Reaktion an-
gepasst ist.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei gegeniberliegende Enden des
Reaktionsbereichs (16) durch ein Schulterelement
(22) definiert sind, das zur Verringerung oder Be-
seitigung des Fluidstroms hinter dem Schulterele-
ment (22) angepasst ist, und wobei bevorzugt sich
die Schulterelemente (22) von dem langlichen Kor-
per (11) im Wesentlichen ringférmig nach auen
erstrecken.

Elektrode (10) nach Anspruch 3, wobei sich die
Schulterelemente (22) von dem langlichen Kérper
(11) nach auRen in einem Winkel zwischen etwa 55°
und 85° zur Oberflache der Elektrode (10) erstre-
cken.

Elektrode (10) nach einem der vorstehenden An-
spriche, wobei eine Einlasséffnung (25) in der Au-
Renflache des Elektrodenkdrpers (11) an einem Ein-
lassende des Reaktionsbereichs (16) und eine Aus-
lassoffnung (26) in der AuRRenflache des langlichen
Korpers (11) an einem Auslassende des Reaktions-
bereichs (16) bereitgestellt ist.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei die Elektrode (10) eine erste Boh-
rung (28), die sich von dem Einlassende (12) in den
Korper (11) erstreckt, und eine zweite Bohrung (29),
die sich von dem Auslassende (13) in den Korper
(11) erstreckt, umfasst.

Elektrode (10) nach Anspruch 6, wenn abhangig von
Anspruch 5, wobei die Einlassoffnung (25) in stro-
mungstechnischer Kommunikation mit der ersten
Bohrung (28) steht und die Auslasséffnung (26) in
stromungstechnischer Kommunikation mit der zwei-
ten Bohrung (29) steht, und wobei bevorzugt Fluid
durch die Einlass6ffnung (25) in den Reaktionsbe-
reich (16) eintritt und durch die Auslassoéffnung (26)
aus dem Reaktionsbereich (16) austritt.

Elektrode (10) nach einem der Anspriiche 5 bis 7,
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wenn abhangig von Anspruch 3, wobei die Einlass-
offnung (25) und die Auslassoffnung (26) mindes-
tens durch einen Abschnitt des Schulterelements
(22) verlaufen, das sich an dem jeweiligen Ende
des Reaktionsbereichs (16) befindet, und wobei be-
vorzugt die Elektrode eine Vielzahl von Einlassoff-
nungen (25) und eine Vielzahl von Auslasso6ffnun-
gen (26) umfasst.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei eine oder mehrere Zwischenauslas-
soffnungen (26’) in dem Reaktionsbereich (16) be-
reitgestellt sind, die sowohl von dem ersten Dich-
tungsbereich (18) als auch von dem zweiten Dich-
tungsbereich (19) beabstandet sind, und wobei be-
vorzugt der Reaktionsbereich (16) mit einem ring-
férmigen Kanal benachbart zu dem ersten Dich-
tungsbereich (18) und/oder dem zweiten Dichtungs-
bereich (19) bereitgestellt ist.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei die Dichtungselemente aus einem
elastisch verformbaren Material bestehen.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei jeder Aufnahmeabschnitt (20) zur
Aufnahme eines einzelnen Dichtungselements an-
gepasst ist und wobei bevorzugt der erste Dich-
tungsbereich (18) und der zweite Dichtungsbereich
(19) jeweils mindestens drei Aufnahmeabschnitte
(20) umfassen.

Elektrode (10) nach einem der vorstehenden An-
spriiche, wobei ein Einlassverbindungsabschnitt
(14) zwischen dem ersten Dichtungsbereich (18)
und dem Einlassende (12) des langlichen Korpers
(11) bereitgestellt ist und wobei bevorzugt ein Aus-
lassverbindungsabschnitt (15) zwischen dem zwei-
ten Dichtungsbereich (19) und dem Auslassende
(13) des langlichen Kérpers (11) bereitgestellt ist.

Plasmareaktor (31), der eine axiale Innenelektrode
(10) und eine zylindrische AuRenelektrode (35) bein-
haltet, die die Innenelektrode (10) umgibt, wobei die
Innenelektrode (10) eine Elektrode nach einem der
vorstehenden Anspriiche ist.

Plasmareaktoranordnung, wobei die Anordnung ei-
nen oder mehrere Plasmareaktoren (31) umfasst,
die in stromungstechnischer Kommunikation mit ei-
ner Quelle eines Fluids stehen, das in dem einen
oder den mehreren Plasmareaktoren (31) umge-
setzt werden soll, wobei die Anordnung weiter einen
Abschnitt (37) zur Erzeugung von elektrischem
Strom umfasst, der zur Erzeugung eines elektri-
schen Stroms ausgelegt ist, um eine Reaktion in
dem einen oder den mehreren Plasmareaktoren
(31) anzutreiben, und wobei die Anordnung weiter
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ein oder mehrere Ventile (41) umfasst, die zur Ver-
ringerung oder Beseitigung des Fluidstroms in die
oder aus der Anordnung (36) angepasst sind, und
wobei der eine oder die mehreren Plasmareaktoren
(31) den Plasmareaktor von Anspruch 13 umfassen.

Revendications

Electrode (10) pour un réacteur & plasma (31), I'é-
lectrode comprenant un corps allongé (11) présen-
tant une extrémité d’entrée (12) et une extrémité de
sortie opposée (13), une région de réaction (16)
s’étendant le long d'une partie du corps allongé
(11), une premiére région d’étanchéité (18) située
entre larégion de réaction (16) etl'extrémité d’entrée
(12) du corps allongé (11) et une seconde région
d’étanchéité (19) située entre la région de réaction
(16) et I'extrémité de sortie (13) du corps allongé
(11), dans laquelle la premiere région d’étanchéité
(18) etla seconde région d’étanchéité (19) compren-
nent chacune une pluralité de parties de réception
(20) adaptées pour recevoir un élément d’étanchéité
a l'intérieur de celles-ci,

caractérisée en ce que

un élément de barriére (21) adapté pour réduire ou
éliminer I'écoulement de fluide entre les parties de
réception (20) est prévu entre chacune de la pluralité
de parties de réception (20).

Electrode (10) selon la revendication 1, dans la-
quelle larégion de réaction (16) comprend une partie
d’une surface extérieure du corps allongé (11), etde
préférence dans laquelle la surface extérieure du
corps allongé (11) dans la région de réaction (16) est
adaptée pour améliorer la réaction qui doit avoir lieu
dans la région de réaction (16).

Electrode (10) selon 'une quelconque des revendi-
cations précédentes, dans laquelle les extrémités
opposeées de la région de réaction (16) sont définies
par un élément d'épaulement (22) adapté pour ré-
duire ou éliminer I'écoulement de fluide au-dela de
I'élément d’épaulement (22), et de préférence dans
laquelle les éléments d’épaulement (22) s’étendent
vers I'extérieur a partir du corps allongé (11) d’'une
maniére sensiblement annulaire.

Electrode (10) selon la revendication 3, dans la-
quelle les éléments d’épaulement (22) s’étendent
vers I'extérieur a partir du corps allongé (11) selon
un angle compris entre environ 55° et 85° par rapport
a la surface de I'électrode (10).

Electrode (10) selon 'une quelconque des revendi-
cations précédentes, dans laquelle une ouverture
d’entrée (25) est prévue dans la surface extérieure
du corps d’électrode (11) a une extrémité d’entrée de
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la région de réaction (16) et une ouverture de sortie
(26) est prévue dans la surface extérieure du corps
allongé (11) a une extrémité de sortie de la région de
réaction (16).

Electrode (10) selon I'une quelconque des revendi-
cations précédentes, dans laquelle I'électrode (10)
comprend un premier alésage (28) qui s’étend dans
le corps (11) a partir de I'extrémité d’entrée (12) de
celle-ci etun second alésage (29) qui s’étend dansle
corps (11) a partir de I'extrémité de sortie (13) de
celle-ci.

Electrode (10) selon la revendication 6 lorsqu’elle
dépend de la revendication 5, dans laquelle I'ouver-
ture d’entrée (25) est en communication fluidique
avec le premier alésage (28) et I'ouverture de sortie
(26) est en communication fluidique avec le second
alésage (29), et de préférence dans laquelle le fluide
entre dans la région de réaction (16) a travers I'ou-
verture d’entrée (25) et sort de la région de réaction
(16) a travers 'ouverture de sortie (26).

Electrode (10) selon I'une quelconque des revendi-
cations 5a7 lorsqu’elles dépendent de la revendica-
tion 3, dans laquelle I'ouverture d’entrée (25) et
I'ouverture de sortie (26) traversent au moins une
partie de I'élément d’épaulement (22) situé a I'ex-
trémité respective de larégion de réaction (16), etde
préférence dans laquelle I'électrode comprend une
pluralité d’ouvertures d’entrée (25) et une pluralité
d’ouvertures de sortie (26).

Electrode (10) selon 'une quelconque des revendi-
cations précédentes, dans laquelle une ou plusieurs
ouvertures de sortie intermédiaires (26’) sont pré-
vues dans la région de réaction (16) espacées a la
fois de la premiére région d’étanchéité (18) et de la
seconde région d’étanchéité (19), et de préférence
dans laquelle la région de réaction (16) est pourvue
d’un canal annulaire adjacent a la premiére région
d’étanchéité (18) et/ou a la seconde région d’étan-
chéité (19).

Electrode (10) selon 'une quelconque des revendi-
cations précédentes, dans laquelle les éléments
d’étanchéité sont fabriqués a partir d’'un matériau
déformable de maniére élastique.

Electrode (10) selon I'une quelconque des revendi-
cations précédentes, dans laquelle chaque partie de
réception (20) est adaptée pour recevoir un seul
élément d’étanchéité, et de préférence dans laquelle
la premiere région d’étanchéité (18) et la seconde
région d’étanchéité (19) comprennent chacune au
moins trois parties de réception (20).

Electrode (10) selon 'une quelconque des revendi-
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cations précédentes, dans laquelle une partie de
liaison d’entrée (14) est prévue entre la premiére
région d’étanchéité (18) et I'extrémité d’entrée (12)
du corps allongé (11), et de préférence dans laquelle
une partie de liaison de sortie (15) est prévue entre la
seconde région d’étanchéité (19) et I'extrémité de
sortie (13) du corps allongé (11).

Réacteur a plasma (31) incluant une électrode in-
terne axiale (10) et une électrode externe cylindrique
(35) entourant I'électrode interne (10), dans lequel
I'électrode interne (10) est une électrode selon 'une
quelconque des revendications précédentes.

Ensemble réacteur a plasma (36), I'ensemble
comprenant un ou plusieurs réacteurs a plasma
(31) en communication fluidique avec une source
de fluide devant réagir dans les un ou plusieurs
réacteurs a plasma (31), 'ensemble comprenant
en outre une partie de génération de courant élec-
trique (37) adaptée pour générer un courant élec-
trique pour entrainer une réaction dans les un ou
plusieurs réacteurs a plasma (31), et dans lequel
'ensemble comprend en outre une ou plusieurs
soupapes (41) adaptées pour réduire ou éliminer
le flux de fluide entrant ou sortant de I'ensemble
(36), et dans lequel les un ou plusieurs réacteurs a
plasma (31) comprennentle réacteur a plasma selon
la revendication 13.
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